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TNFα is a pleotropic cytokine 
that exerts its effect in many cell 
types via TNFR. In spite of their 
well-established roles in various 
biological events, neither TNFα nor 
TNFR is essential for normal mouse 
development, and mice deficient in 
either, like CARP2-null mice, developed 
normally and exhibited no defects 
without a challenge [6,7]. Similarly, 
deletion in mice of c-IAP or c-IAP2, 
proteins with a CARP-like carboxy-
terminal RING domain and which 
play an important role in TNFR–RIP 
signaling, caused no overt phenotype. 
In contrast, mice deficient in other 
important regulators (e.g., RIP, 
A20, or TRAF2) had obvious defects, 
owing partly to their well-established 
additional roles in multiple signaling 
pathways. 
While knockout studies in mice 
remain the standard for gene-
function analysis, it is important to 
keep in perspective their limitations 
in identifying the biological roles. 
For example, the loss of XIAP, an 
E3 implicated in receptor signaling, 
had no major effect in mice whereas 
in humans it caused X-linked 
lymphoproliferative syndrome [8,9]. 
Although in vitro studies using cell 
lines must be interpreted with caution, 
they do serve their objective, recent 
examples being the deciphering of 
autocrine TNF signaling caused by 
acute c-IAP deficiency that could 
not be inferred from characterization 
of the knockout mice [0]. We are 
inclined to believe that CARPs limit the 
intensity or duration of signaling during 
endocytosis in a cell-type- specific 
manner. It remains possible that in vivo 
CARP regulation of RIP may not 
primarily affect the activation of NF-κB, 
but rather other responses such as 
MAP kinase activation or necrosis, 
in which RIP is involved. Given that 
CARPs can also affect p53 and apical 
caspases [], an important role for 
these molecules in cell-death pathways 
cannot be ruled out. Further analysis 
of CARP/CARP2 knockout mice will 
increase our understanding  
of their physiological function(s).
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gametes share equal 
ability to fertilize 
the egg cell in 
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The seed of a flowering plant develops 
from an ovule containing two distinct 
female gametes — the egg cell and the 
central cell — that are fertilized by a pair 
of non-motile sperm cells conveyed by 
the pollen tube. With a few exceptions 
[], the two sperm cells, derived from 
a symmetrical mitosis, are isomorphic 
and seem to express a similar gene 
repertoire [2]. Since the discovery of 
double fertilization in flowering plants 
at the end of the 9th century, it has 
been a long standing question whether 
the two sperm cells are functionally 
equivalent, that is, whether they are 
capable of fertilizing the egg cell and 
the central cell in equal measure. 
To address this question, we have 
taken advantage of the Arabidopsis 
thaliana mutant for RETINOBLASTOMA 
RELATED1 (rbr1), which, in contrast 
to wild-type plants, undergoes 
unrestricted cell proliferation during 
female gametogenesis [3,4]. Ovules of 
rbr1 mutants generate supernumerary 
central cell nuclei that do not express 
maturation marker genes [4,5], 
suggesting that rbr1 central cells are not 
competent for fertilization. Mutant ovules 
also contain additional egg cells that 
have a phenotype comparable to that of 
wild-type egg cells, with the nucleus of 
each egg cell located towards the central 
cell. Moreover, the rbr1 egg cells express 
the fluorescent marker egg cell   
(EC) (Figure A,D). The EC marker is 
encoded by a gene that is specifically 
expressed in mature egg cells (Figure S  
in Supplemental Data, published with 
this article online), so its expression 
suggests that the rbr1 supernumerary 
egg cells are fully differentiated and 
functional. Hence, the rbr1 ovules 
provide an experimental system to 
challenge the capacity of each of the two 
sperm cells to fertilize an egg cell.
We first examined the ability of these 
additional egg cells in rbr1 ovules to 
be fertilized. The rbr1 mutant ovules 
expressing the EC marker were 
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Figure . The rbr1 mutant produces several egg cells leading to two embryos after fertilization.
(A) The fluorescent EC marker is specifically expressed in the egg cell nucleus (ECN; green) in 
ovules at maturity. (B) A wild-type seed produces an embryo (EMB) and an endosperm (END). 
(C) Paternally provided fluorescent LIG–GFP marker is expressed after fertilization in the embryo 
and the endosperm. (D) The rbr1 mutant ovules produce two egg cells expressing the EC marker 
(green). (E) Release of two sperm cells (red) from a pollen tube into an rbr1 ovule expressing the 
EC marker (green) in the two egg cell nuclei. (F) A later stage during the fertilization process show-
ing both sperm nuclei (SCN) fused with the egg nuclei. Chromatin of the sperm cells (red) merging 
with that of the egg cells (green). (G) The rbr1 mutant seeds produce two distinct embryos and 
central cell proliferating nuclei (PN). (H) The fluorescence of the paternally provided LIG–GFP 
marker is expressed in both embryos in rbr1 seeds but not in the endosperm location. Scale bars 
in (A) and (D), 0 μm; in (B), (C), (G) and (H), 25 μm; in (E) and (F), 5 μm.crossed with wild-type pollen that 
provided sperm cells marked by the 
reporter Histone-Three-Related-0–
monomeric-Red-Fluorescent-Protein- 
(HTR0–mRFP) [6]. We observed the 
delivery of a single pair of wild-type 
sperm cells to the rbr1 ovule, indicating 
that a single pollen tube reached the 
mutant ovule and delivered its contents 
(Figure E). Each sperm cell nucleus 
was able to merge with the nucleus of 
one egg cell (Figure F), indicating that 
both wild-type sperm cells have the 
capacity to fuse with an egg cell.
We next monitored whether the two 
fertilized egg cells in rbr1 ovules could 
both develop into embryos. In wild-type 
seeds, a single embryo produced by the 
fertilized egg cell develops next to an 
endosperm originating from the fertilized 
central cell (Figure B). We observed 
that rbr1 ovules fertilized with wild-type 
pollen produced seeds containing two 
distinct embryos, probably resulting from fertilization of two egg cells. These 
seeds also contained proliferating 
nuclei in place of the endosperm, which 
likely originated from the unfertilized 
proliferating central cells [3,4]. To 
ascertain the origin of the fertilization 
products in rbr1 seeds, we fertilized 
rbr1 ovules with pollen from a plant 
line expressing a gene encoding DNA 
LIGASE  fused to GFP (LIG–GFP). 
In seeds produced from wild-type 
ovules, the paternal expression of 
LIG–GFP marked both the embryo 
and the endosperm (Figure C). In 
contrast, in seeds produced from rbr1 
ovules, the LIG–GFP marker is only 
detected in the two embryos and never 
in the endosperm location (Figure H, 
n = 850). This result further confirms that 
the central cells in rbr1 ovules are not 
functional. In addition, we show that the 
two embryos produced from rbr1 ovules 
are derived from two independent 
fertilization events involving two egg cells and a single pair of sperm cells. 
In conclusion, the two rbr1 egg cells 
acquire a proper cell fate, reach maturity 
and are functional; thus, they are able 
to interact with each of the two sperm 
cells, resulting in successful fertilization.
In summary, we propose that the 
two isomorphic Arabidopsis sperm 
cells are functionally equivalent for 
fertilizing the egg cell. The rbr1 central 
cells are, overall, unable to undergo 
fertilization, so it remains to be shown 
whether both sperm cells also have a 
similar capacity to fuse with the central 
cell. The equal ability of each sperm 
cell to fertilize the egg cell implies that 
both sperms compete for the egg but 
that an unknown mechanism must 
prevent the fusion of a second sperm 
cell to a fertilized egg cell, reminiscent 
of the polyspermy block in sexually 
reproducing animals.
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